ABSTRACT: Oman's fish exports have shown an increasing trend while supplies to the domestic market have declined, despite increased domestic demand caused by population growth and income. This study hypothesized that declining fish supplies to domestic markets were due to inefficiency of the transport function of the fish marketing system in Oman. The hypothesis was tested by comparing the observed prices of several fish species at several markets with optimal prices. The optimal prices were estimated by the dual of a fish transport costminimizing linear programming model. Primary data on market prices and transportation costs and quantities transported were gathered through a survey of a sample of fish transporters. The quantity demanded at market sites was estimated using secondary data. The analysis indicated that the differences between the observed prices and the estimated optimal prices were not significantly different showing that the transport function of fish markets in Oman is efficient. This implies that the increasing trend of fish exports vis-à-vis the decreasing trend of supplies to domestic markets is rational and will continue. This may not be considered to be equitable but it is efficient and may have long-term implications for national food security and have an adverse impact on the nutritional and health status of the rural poor population. Policy makers may have to recognize the trade off between the efficiency and equity implications of the fish markets in Oman and make policy decisions accordingly in order to ensure national food security.
Introduction
The marketing component of the fisheries sector in Oman is changing rapidly from a traditional system restricted to meeting domestic market requirements to a more modern pattern supplying regional and global export markets. Such changes, as evident in other countries, have had beneficial as well as adverse socio-economic effects (Bush, 2004) . In Oman, along with the growth of exports of fishery products, the availability of fish in the domestic market has declined despite the increase in population and per capita income. Bush (2004) , quoting International Center for Living Aquatic Resource Management (1999) , suggests that the interplay of domestic needs and international trade will increasingly make fish a politically sensitive commodity.
Given the bulkiness and perishability of fish, and particularly in Oman because the fish landing sites and domestic markets are geographically widely distributed, the efficiency of fish transportation is an important factor affecting the share of fish available for domestic consumption. This paper presents a quantitative assessment of the efficiency of fish transport in Oman to test if the distribution of fish between domestic and export markets is efficient. The study hypothesized that the domestic demand for fish in Oman is under-supplied vis-à-vis over-supplied to export markets due to inefficiency of the transportation function of Oman's fish market, and concludes by rejecting the hypothesis.
The paper is in four sections. The first section presents a brief summary of the fisheries sector and fish markets in Oman. The second section notes research literature and the third outlines the analytical method. The fourth section presents and interprets the results of the analysis.
Fisheries Sector and Markets in Oman
The fisheries sector has contributed to about 0.6% of the Gross Domestic Product and comprised about 1.2% of the non-oil sector of Oman in 2005 (Ministry of National Economy, 2006) . In spite of the small proportionate contribution of the sector to the national economy, fisheries activities have the potential to be a sustainable source of income compared with other nonrenewable natural resources, such as oil and natural gas. Furthermore, fisheries activities provide full time or part time jobs for 20,870 fishermen and 3,250 persons working in fish transportation activities in Oman. Many of these live in rural areas and are relatively poor. Moreover, fisheries activities have been intimately associated with the traditional indigenous heritage and culture of Oman.
Over the years (1996 to 2004), fish exports from Oman have greatly increased. This is despite the increase in domestic demand for fish, resulting from population growth and rising per capita income in the Sultanate . As is evident in Figure 1 , during the period 2000 to 2004, the total fish landed in Oman has increased by 29% and exports have increased by 83%. However, during the same period fish available to the domestic market has decreased by 12%. The trend of decreasing availability of fresh fish in the domestic market may cause concerns among the domestic consumers and in the long run may have adverse implications for the nutritional status and health of the rural poor. This study investigated if the above trend is due to inefficiency of the transport function of the fish market.
Theory and Literature
Spatial market efficiency can be assessed by examining trade volumes, prices or both. Each measurement has important shortcomings in isolation from the other. Assessment based on trade volume measurement cannot establish whether spatial equilibrium conditions are reached. Assessment based on price data alone does not reveal information about the optimal trading volumes. Al Abri (2008) analyzed the efficiency of fish transport in Oman using both measurements of prices and trade volumes. This paper restricts its analysis of fish market efficiency to price data, for sake of brevity.
Transportation theory and modeling examines the optimal transportation of commodities in markets. The transportation problem can be identified as a network flow problem. It is generalized as a network of a set of M supply nodes, a set of N demand nodes, and a set of arcs connecting them. Each supply node S i has a fixed amount s i of a commodity, which it can supply. Each demand node D j has a fixed demand d j for that commodity, and for each arc (i,j) connecting supply node S i to demand node D j there is an associated cost per unit flow C ij . The model is solved by minimizing C ij in order to determine the optimal allocation of product from supply nodes to demand nodes. Although often referred to as the transportation model, it can be adapted to simulate the operation of a competitive market. The dual of a transport cost minimization model enables the estimation of competitive equilibrium market prices, given the cost of transportation, and supply and demand constraints (Dorfman, et. al., 1958) . Thie (1988) provides comprehensive guidance on the application of linear programming in modeling transportations problems. Transport modeling using linear programming has been extensively used in both, empirical academic research and in practical business management as exemplified by Smith et al. (2007) . However empirical application of transport modeling for the fisheries markets is scanty. An example is a study by Borisova et al. (2003) . The study examined the potential to increase aquaculture producer and processor profits through improvements in transport management. The study determined the optimal markets and shipment patterns using an integer linear programming model. Few studies investigating the structure and performance of fish markets in Oman have been done in recent years. Omezzine (1996) reported that fish transporters preferred selling in export markets despite lower prices than those received in domestic markets. Among many factors that explain such behavior is the ability to sell large amounts of fish particularly in Dubai. Al Jabri (1999) analyzed the degree of market integration within Omani fish markets. The study concluded that the Omani fish market was not a perfectly competitive market. A similar study (MAF, 2002) , using the same methodology, has confirmed Al Jabri's (1999) conclusion. Omezzine et al. (2003) highlighted the importance of providing market information of potential demand and prices etc, to improve the transportation function of fish markets in Oman.
Methodology
In order to test the hypothesis that the transport function of the fisheries market in Oman is inefficient, the study compared the observed prices of several fish species at different markets with optimal prices. The optimal market prices were estimated from the dual of fish transport costminimizing linear programming model. This study was based on the transporting of fresh fish between the landing sites and domestic and export markets by truckers. A purposive sample to best represent fish landing sites and markets in Oman was obtained, in consultation with researchers and experts on fisheries sector. The selected fish landing sites were; Masirah, Mahoot, Jalan and Sohar and the fish market sites were the domestic markets of Nizwa, Ibri, and Seeb. The export market was Dubai. Figure 2 shows the transport routes followed by truckers from landing sites to markets.
The four fish landing sites of the sample represented 21% of total fish landed by traditional fishermen, 35% of fish exports and 54% of fish available for the local market (MAF, 2003 and authors' estimates) . The three domestic markets of the sample represented 17% of Oman's population and 9.5% of fish consumption in Oman (MNE, 2003) . A sample consisting of 60 truckers was interviewed using a structured questionnaire. This sample represented about 2% of the trucker population (3250 truckers) in Oman. The fish transported by the sample of truckers during the study period was 7255 tons, consisting of kingfish, 29% (Scomberomorur commerson), sardine, 55% (Sardinella longiceps), long tail tuna, 9% (Thunnus tonggol) and scavenger, 7% (Lethrinus Nebulosus). The analysis explained in detail in this paper is for kingfish. The results of a similar analysis for sardines and a composite of fish are presented.
The Transportation Model
The primal of the transport cost-minimizing model that was used in the study is given below.
Constrained to:
where: The dual of above primal transport cost minimization model is as follows:
where: The dual model estimates the optimal price at each output market, which equates supply and demand over the whole market. The outcome of this calculation represents shadow prices because they are the opportunity cost of an optimal allocation of fish between the various markets. The parameters C ij , S i , were estimated based on the field survey and D j were estimated using secondary data from the household income and expenditure survey conducted by the Ministry of National Economy, Oman (2003) . Demand for fish consumption at Dubai was estimated based on data of fish imports to Dubai Central Market (DCM). The linear programming model was solved using Microsoft Excel Solver.
Analysis and Results
To illustrate the model the paper reproduces only the kingfish data and LP model. Similar data is available (Al-Abri, 2008) for the other species considered in the analysis (sardine and composite). Using fish prices at landing sites reported by truckers and the operating cost of transport estimated on survey data the variable cost (sum of operating cost of transport and purchase price of fish at landing site) of transporting a ton of kingfish from landing sites to markets were estimated and is given in Table 1 . Table 2 , the sample of truckers transported 2,034 tons of kingfish per year. It was observed that nearly 72% of kingfish fish was transported to DCM and thus only 28% of the fish was delivered to domestic markets. Consumer demand for kingfish at market sites: Table 3 shows the estimated annual demand for kingfish at market sites. The transportation model assumes that the fish market is equilibrated in terms of demand and supply from all landing sites and market sites. The sample estimate of supply of kingfish was 2034 tons per year. This quantity of supply apportioned to the market sites based on the proportional demand of each site and the estimates are given in Table 3 .
Supply of kingfish from landing sites: As illustrated in

Optimized solution of the dual of transport cost minimizing model:
The matrix of the cost minimizing dual linear transportation model with the optimized solution is given in Table 4 . The V j 's are the optimal prices of fish at market site in competitive market equilibrium. (Recall that the observed unit variable cost includes the price paid for fish at landing sites, so the U i 's work in the model as an increment to the landed price to ensure that the variable costs are not exceeded in the optimization calculation).
The estimated optimal prices are compared with the observed prices of kingfish, in Figure 3 . It is observed that except in Nizwa, where the observed price is higher than the optimal price, in all other markets the optimal and observed prices of kingfish are almost the same. This implies that, the transport function of the fish marketing system in Oman is efficient, contrary to the hypothesis of the study.
The optimal prices of sardine and composite fish were estimated using the same methodology adopted in estimating the optimal prices for kingfish. The optimal and observed prices of kingfish, sardines and composite fish are given in Table 5 . A paired t-test indicated that a statistically significant difference between the optimal and observed prices did not exist (t = 1.8989; n = 12). Acknowledging the implication of inadequacies of the small number of observations on robustness of statistical testing, it could be concluded that, since the observed and optimal prices of different fish prices at different markets are not significantly different, the transport function of fish market in Oman is efficient.
Conclusion
The analysis indicates that the transport function of fish markets in Oman is broadly efficient, and favors the supply of relatively more fish to export markets than domestic markets. Truckers also confirmed that the reasons for transporting fish to export markets instead of the domestic markets was because of profitability, and Notes:
V j = Price of fish at market site j on competitive market equilibrium. the ability to sell large quantities in export markets. Given that the transport function of the fish market in Oman is efficient, this trend of transporting to export markets is rational and will continue. The implication is that in the long-run domestic markets may have lesser availability of fish from its own fisheries. This may not be considered to be equitable although it is efficient. Policy makers may have to recognize the trade off between efficiency and equity implications of the fisheries markets in Oman and make policy decisions accordingly.
